The Incidence of Rotor Burst in '6 Commercial Aviation According to Engine Type Affected -1975 4 • • Rotor Failure/Burst Cause Categories -7 1975 5 Flight Condition at Rotor Failure/ Burst -8 1975 6 The Incidence of Uncontained Rotor Burst 9 in U. S. Commercial Aviation -1962 Aviation - -1975 INTRODUCTION This report has been prepared as part of the Rotor Burst Protection Program (RBPP),'which is sponsored by the National Aeronautics and Space Administration (NASA)l and conducted by the Naval Air Propulsion Test Center (NAPTC) . The objective of the RBPP is to develop criteria for the design of devices that will be used on aircraft to protect passengers and the aircraft structure from the lethal and devastating fragments that are generated-by gas turbine engine rotor bursts.
Presented in this report are statistics on gas turbine rotor failures that, have occurred in U. S. commercial aviation during 1975. These statistics are based on data compiled from the Flight Standards Service Difficulty Reports (SDR) that were published by the Department of Transportation, Federal Aviation Administration (FAA). The compiled data were analyzed to establish:
1. The incidence of rotor failures and the number of contained r\ and uncontained rotor bursts.
. 2. The distribution of rotor bursts with respect to engine rotor component; i.e., fan, compressor or turbine.
3. The type of rotor fragment (disk, rim or blade) typically generated at burst. a. Figure 1 shows that 193 rotor failures occurred in 1975. These rotor failures accounted for approximately 8.4% of the 2305 shutdowns experienced by the gas turbine powered U. S. commercial aircraft fleet during 1975. Rotor fragments were generated in 104 DPR C-41581-B, Mod. 6 2 An uncontained rotor burst is defined as a rotor failure that produces fragments which penetrate and escape the confines of the engine casing.
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of the failures experienced and, of these, 14 (13.5% of the rotor bursts) were uncontained. This represents an uncontained rotor burst rate of 2.4 per million gas turbine engine powered aircraft flight hours, or 0.73 per million engine operation hours. 'Approximately 6.0 million and 19.2 million aircraft flight and engine operating hours, respectively, were logged by the U. S. commercial aviation fleet in 1975. Because of the potentially catastrophic consequence of such bursts, these rates are considered to be significantly high.
b. Figure 2 shows the distribution of rotor bursts (rotor failures that produced fragments) according to the engine component involved -fan, compressor, turbine; the types of fragments that were generated; and the percentage of uncontained failures according to the type fragment generated. These data indicate that:
(1) The incidence of turbine rotor burst was slightly more than twice that of compressor rotor burst; these corresponded to 65.4% and 30.8%, respectively, of the total number of rotor bursts. Fan rotor bursts accounted for 3.8% of the bursts experienced.
(2) Blade fragments were generated in 90.4% of the rotor bursts; 7.4% of these were uncontained. The remaining rotor bursts (9.6%) produced disk, rim and seal fragments, of which 70% were uncontained. c. Figure 3 shows the rotor burst distribution among the types of engines that were affected, and the total number of engines in use of the type that experienced rotor failures. It appears that the more recently introduced, larger turbofan engines have experienced the highest rate of rotor burst. d. Figure 4 shows what caused the rotor failures to occur. Of the known causes of failure*, the dominant causal factors were: (1) Foreign Object Damage (42.6%); (2) Secondary Causes (36.4%); and (3) Design and Life Prediction Problems (18.6%). e. Figure 5 shows the flight conditions that existed when the various rotor failures or bursts occurred. Approximately 81% of the 193 rotor failures occurred during the takeoff, climb, and cruise stages of flight. Eighty-seven percent of the rotor bursts, and approximately 79% of the uncontained rotor bursts, occurred during these same stages of flight. The highest percentage of uncontained rotor bursts (43%) were experienced during climb.
f. Figure 6 shows the annual incidence of uncontained rotor bursts in commercial aviation for the years 1962 through 1975. There appears to be a decreasing trend in the incidence of uncontained rotor failures *Because of the high .percentage of unknown causes of rotor failure/ burst, the analysis was based on the total number of known causes. during the past three years. The rate of uncontalnment with respect to engine operating hours has also decreased during this same period (1.2, 1.1 and 0.73 uncontained bursts per million engine operating hours for the years 1973, 1974 and' 1975) .
CONCLUSIONS ;
1. The incidence of rotor failure and uncontained burst is still significantly high enough to warrant continuation of the experimental and analytical efforts that constitute the Rotor Burst Protection Program.
2. Of all the types of fragments generated at rotor burst, disk and fan blade fragments, because of their size, high energy content and high rate of uncontainment, continue to be the major threat that must be addressed in the RBPP.
3. The number of uncontained blade failures has diminished during 1975 but is still surprisingly high considering that, under FAA regulations, rotor blade containment is required for engine certification.
4. It appears that causes beyond the control or scope of present technology such as FOD, structural life and integrity prediction, and secondary effects, are still primarily responsible for most of the rotor failures that occur. . , ""u. Commander, Naval Air Systems Command (AIR-50174), Department 9 of the Navy, Washington, DC 20361
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